Abstract: A method to control the group velocity of light is proposed. It shows that by changing the magnetic field intensity and vapor temperature, the group velocity of light can be controlled in an appropriate region.
INTRODUCTION
Recently, the precise control of group velocity of light propagation has made many progresses in both subluminal and superluminal [1] [2] [3] [4] [5] . In superluminal field negative group velocity of -c/(300+30) in Cs atom vapor was found by L.J.Wang and co-workers in 2000 [1] . After their works Bigelow et al. realized the transition from superluminal to subluminal propagation in alexandrite crystal at room temperature [2] . Agarwal and Dey put forward their theoretical discussion about sub-and superluminal propagations in saturated and reverse saturated absorption (RSA) materials [3] , by using this method, out lab had observed superluminal in C60 solution [4] and erbium-doped fiber [5] . It is well known that energy level will split in magnetic field because of Zeeman effect, so the absorption characteristic of the medium will change which lead to the group velocity of the probe light change. In this paper, we theoretically put out the variety of the group velocity of the probe light when propagating though an atomic vapor under magnetic field.
2.THEORY AND NUMERICAL RESULTS
In the calculations, it is assumed that the magnetic field is homogeneous within the atomic vapor and that the incident radiation is linearly polarized transverse to the magnetic field, therefore the polarization can be resolved into equal amplitude left-hand and right-hand circularly polarized components. For an atom with a total orbital angular momentum J, nuclear spin I, total angular momentum F=I+J, and angular momentum M, in the following, the response of the atomic system to the applied field is to be discussed by defining the susceptibility . Taking into account the contribution from each hyperfine component, the susceptibility can be expressed as [6] ' '
Here is the plasma dispersion function, expressed as
N n is the population density of the ground-state Zeeman lever M(assuming that the optical pumping is negligible),there is
is the atomic density of 6S 1/2 , given by [7] .
The group velocity and the group refractive index can be given by
We take Cs D2 transition ( 6 ( ,) for example, summarize our results for the steady state behavior of the system by using Eq.(1). The behavior of imaginary and real parts of the susceptibility is shown in Fig.1 and Fig.2 . It's well known that the imaginary and real parts of the susceptibility reflects the absorption and dispersive of the medium, respectively. It's shown in Fig.1 that when the intensity of magnetic field B increase, the absorption at p=0 reduced and the peak of the curve have an obvious excursion. When B gets enough stronger, degeneration takes place at the energy levels of 6P 3/2 because of Zeeman splitting, and the split between the degeneration levels are far lager than the Doppler width, so additional absorption peaks will appear. The dispersive of the medium are shown in Fig.2 , from which we can see that the slope of the dispersion changes at different B, and the group refractive index is planned in Fig.3 by using Eq.(4). The curves in Fig.3 show that when B increases the group refractive stays negative and its absolute value reduces and tends to a constant when B is larger enough (about 250G). Fig.3 also shows the vapor temperature is important parameter to this system, the higher the temperature, the faster the light. Consequently, the group velocity of the probe light can be controlled by changing the intensity of magnetic field B and vapor temperature T.
